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(54) COPPER ALLOY AND COPPER ALLOY THIN SHEET EXHIBITING IMPROVED WEAR OF 
BLANKING METAL MOLD 

(57) A copper-based alloy having excellent blanking 
die wear resistance, repeated bending fatigue resist- 
ance, and solderability as well as excellent resin adhe- 
sion, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 0.08 
weight % of P, 0.01 to 0.50 weight % of Zn, and 0.0005 
to 0.02 weight % of C, and. if required, further contain- 
ing 0.003 to 0.5 weight % of Ni and 0.003 to 0.5 weight 
% of Sn, and further containing a total amount of 0.0007 
to 0.5 weight % of one or two or more elements selected 
from the group consisting of Al, Be, Ca, Cr, Mg and Si, 
and the balance being Cu and inevitable impurities, in 
which the total content of one or two or more elements 
selected from the group consisting of Nb, Ti, Zr, Ta, Hf. 
W, V and Mo is limited to less than 0.01 weight %. 
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Description 
Technical Field 

[0001] This invention relates to a copper-based alloy having a small blanking die wear property (hereinafter referred 
to as "blanking die wear resistance") and a copper-based alloy and sheet thereof having excellent blanking cfie wear 
resistance and resin adhesion. 

[0002] Further, this invention relates to a copper-based alloy having excellent repeated bending fatigue resistance 
and excellent solderability, and to a copper-based alloy and sheet thereof having excellent repeated bending fatigue 
resistance and excellent solderability, as well as having excellent blanking die wear resistance and resin adhesion. 

Background Art 

[0003] Generally, lead frames for semiconductor devices, such as ICs and LSIs, and terminals and connectors for 
various electrical and electronic parts, are manufactured by cutting a copper-based alloy sheet into strips, which are 
then subjected to metal working, such as punching, pressing and bending. Lead frames of many kinds of semiconduc- 
tor devices as well as many kinds of terminals and connectors are used in resin packaging with thermosetting resin. 
[0004] The copper-based alloy sheets which are known to be used to manufacture these lead frames for semicon- 
ductor devices include: 

[0005] A copper-based alloy sheet consisting essentially of 0.05 to 3.5 weight % of Fe, 0.01 to 0.4 weight % of P, 
and the balance of Cu and inevitable impurities; 

[0006] A copper-based alloy sheet consisting essentially of one or two elements selected from the group consisting 
of 0.05 to 3.5 weight % of Fe, 0.01 to 0.4 weight % of P, 0.05 to_5_ weight % of Zn, and 0,05 to 5 weight % of Sn, and the 
balance of Cu and inevitable impurities; 
25 [0007] A copper-based alloy sheet consisting essentially of 0.05 to 3.5 weight % of Fe, 0.01 to 0.4 weight % of P, 
0.01 to 2 weight % in total one or two or more elements selected from the group consisting of Mg. Co. Pb. Zr. Cr. Mn, 
Al, Ni. Si, In and B, and the balance of Cu and inevitable impurities; and 

[0008] A copper-based alloy sheet consisting essentially of one or two elements selected from the group consisting 
of 0.05 to 3.5 weight % of Fe. 0.01 to 0.4 weight % of P, 0.05 to 5 weight % of Zn, and 0.05 to 5 weight % of Sn. and 
30 further containing 0.01 to 2 weight % in total one or two or more elements selected from the group consisting of Mg, Co. 
Pb, Zr, Cr, Mn, Al, Ni, Si, In and B, and the balance being Cu and inevitable impurities (Japanese Laid-Open Patent Pub- 
lication (Kokai) No. 9-296237). 

[0009] In recent years, semiconductor devices such as ICs and LSIs have become higher in packing density and 
smaller in size, and lead frames used in these semiconductor devices have become reduced in thickness, increased in 

35 number of pins and narrower in pitch. Further, many high accuracy terminals and connectors which are compact in size 
and reduced in thickness have become used to support various electrical and electronic parts which have become 
higher in performance. Important factors to support the manufacture of these lead frames which have become reduced 
in thickness, with more pins and narrower pitch, and high accuracy terminals and connectors which have become com- 
pact in size and reduced in thickness, include dimensional tolerance and the size of burrs. If the blankability of the 

40 processing material is poor, the mold will wear after a short usage. When the mold wears, the dimensional tolerance 
decreases, resulting in greater burrs which make it impossible to provide the terminals and connectors with more pins 
and narrower pitch. Blanking of conventional copper-based alloy sheets was prone to cause heavy wearing of the mold, 
and hence the mold had to be exchanged after a short usage. This led to high costs, and to reduce the cost, a copper- 
based alloy sheet having more excellent blanking die wear resistance is desired. 

45 [0010] Further, pins on the ICs, LSIs and the like tend to bend during handling when the ICs, LSIs and the like are 
being manufactured. Moreover, in many cases, semiconductor devices on the market are used for special applications 
or re-used. In such cases, it is necessary to rectify the pins of the semiconductor devices by repeated bending. These 
pins of the semiconductor devices with reduced thickness and narrower pitch can occasionally break during the 
repeated bending process due to fatigue. When the pins break, the semiconductor devices can no longer be used and 

so must be disposed, thus resulting in a tremendous decrease in productivity. Therefore, there is demand for a copper- 
based alloy sheet having such excellent resistance to fatigue during repeated bending that it will not break during the 
repeated bending process. 

[001 1] Further, the lead frames for semiconductor devices, and the terminals and connectors for various electrical 
and electronic parts are usually soldered, and the soldering area is more strongly required to be smaller and the sd- 
55 dering temperature and time are required to be as low and short as possible. Moreover, because activated flux used in 
soldering accelerates corrosion, in recent years, low activated or non-activated flux is becoming used for soldering the 
lead frames, terminals and connectors. However, when the lead frames, terminals and connectors of poor soldering 
materials are soldered with a low activated or non activated flux and over the small soldering area, an incomplete sol- 
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dering can occur. This is one of the reasons that the product has spoiled reliability, and thus a copper-based alloy sheet 
with further improved solderability is desired. 

[0012] Further, semiconductor chips such as ICs and LSIs are subjected to die-bonding and wire-bonding at 
approximately 200°C or higher temperatures and then are resin packaged for protection from the external environment. 
s Molding for the resin packaging is conducted at a temperature of 160°C or higher, but if the adhesion strength of the 
resin and the lead frames is weak, then separation of the resin and the lead frames can occur. A device with such sep- 
aration undergoes moisture absorption and the package can occasionally break during the following ref low soldering 
process due to the vapor pressure of the moisture. This problem has been a serious obstacle to fulfillment of severe 
reliability requirements. 

10 [001 3] Therefore, it is an object of this invention to provide a copper-based alloy having excellent blanking die wear 
resistance. 

[0014] Another object of this invention is to provide a copper-based alloy having excellent blanking die wear resist- 
ance as well as excellent high resin adhesion. 

[001 5] A further object of this invention is to provide a copper-based alloy having excellent blanking die wear resist- 
75 ance, repeated bending fatigue resistance and solderability. 

[001 6] Another object of this invention is to provide a copper-based alloy having excellent blanking die wear resist- 
ance, repeated bending fatigue resistance and solderability as well as excellent high resin adhesion. 

Disclosure of the Invention 

20 

[001 7] To solve the aforestated problems, the present inventors have made studies and have reached the following 
findings: 

(a) Blanking die wear resistance is greatly affected by carbon and carbide in a Fe-Zn-P copper-based alloy with Fe, 
25 Zn and P in copper which is used to manufacture lead frames for semiconductor devices, and terminals and con- 
nectors for various electrical and electronic parts. Especially, when 0.0005 to 0.02 weight % of C (preferably 0.001 
to 0.02 weight % of C) is added to a conventional Fe-Zn-P copper-based alloy having a composition of 1.5 to 2.4 
weight % of Fe. 0.008 to 0.08 weight % of P. 0.01 to 0.50 weight % of Zn, and the balance of Cu and inevitable impu- 
rities, blanking die wear resistance is further improved over the conventional Fe-Zn-P copper-based alloy; 
30 (b) When one or two or more elements selected from the group consisting of Al, Be, Ca, Cr, Mg and Si, are added 
in an amount of 0.0007 to 0.5 weight % in total, to the above-mentioned Fe-Zn-P copper-based alloy under para- 
graph (a) having excellent blanking die wear resistance, consisting essentially of 1 .5 to 2.4 weight % of Fe, 0.008 
to 0.8 weight % of P, 0.01 to 0.50 weight % of Zn, as well as 0.0005 to 0.02 weight % of C, and the balance of Cu 
and inevitable impurities, resin adhesion is further improved over the conventional Fe-Zn-P copper-based alloys; 
35 (c) Resin adhesion is further improved when one element of the above mentioned Al, Be, Ca, Cr, Mg and Si is 
added in an amount of 0.0007 to 0.5 weight %. However, adding Mg and Si is most preferred. Either Mg or Si may 
be added in an amount of 0.0007 to 0.5 weight % of Mg or 0.0007 to 0.5 weight % of Si, or both Mg and Si may be 
added in the amounts of 0.0007 to 0.5 weight % of Mg and 0.0007 to 0.5 weight % of Si, so that Mg and Si coexist 
in the alloy; and 

40 (d) When the above-mentioned Fe-Zn-P copper-based alloys as described under paragraph (a), (b) or (c), with 
addition of 0.0005 to 0.02 weight % of C (preferably 0.001 to 0.02 weight % of C), contains one or two or more ele- 
ments selected from the group consisting of Nb, Ti, Zr, Ta, Hf, W, V and Mo (hereinafter these elements will be 
referred to as "the carbide-forming elements") in a total amount equal to or more than 0.01 weight %, the action of 
enhancing the blanking die wear resistance by the added carbon is suppressed. Therefore, the total content of the 

45 one or two or more carbide-forming elements should preferably be limited to less than 0.01 weight %. 

[0018] The present invention is based upon the above findings, and is characterized by: 

(1) A copper-based alloy having excellent blanking die wear resistance comprising 1 .5 to 2.4 weight % of Fe, 0.008 
so to 0.08 weight % of P, 0.01 to 0.50 weight % of Zn, 0.0005 to 0.02 weight % of C, and the balance of Cu and inev- 
itable impurities; 

(2) A copper-based alloy having excellent blanking die wear resistance comprising 1 .5 to 2.4 weight % of Fe, 0.008 
to 0.08 weight % of P, 0.01 to 0.50 weight % of Zn, 0.001 to 0.02 weight % of C, and the balance of Cu and inevitable 
impurities; and 

55 (3) A copper-based alloy as described under paragraph (1) or (2), having excellent blanking die wear resistance, in 
which the total content of one or two or more elements selected from the group consisting of Nb, Ti, Zr, Ta, Hf, W. 
V and Mo is limited to less than 0.01 weight %. 

The resin adhesion of the above mentioned copper-based alloy having excellent blanking die wear resistance con- 
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taining 0.0005 to 0.02 weight % of C, is improved when one element selected from the group consisting of Al, Be, 
Ca, Cr, Mg and Si is added in an amount of 0.0007 to 0.5 weight % of Al, 0.0007 to 0.5 weight % of Ca, 0.0007 to 
0.5 weight % of Be, 0.0007 to 0.5 weight % of Cr, 0.0007 to 0.5 weight % of Mg or 0.0007 to 0.5 weight % of Si. 
Alternatively, two or more elements selected from the group consisting of Al. Be, Ca, Cr, Mg and Si may be added 

s in a total amount of 0.0007 weight % to 0.5 weight %. Among the group consisting of Al, Be. Ca, Cr, Mg and Si, it 

is preferable to add Mg and Si. and also preferably either Mg or Si may be added in an amount of 0.0007 weight % 
to 0.5 weight % of Mg. or 0.0007 weight % to 0.5 weight % of Si. However, it is possible to add both Mg and Si in 
amounts of 0.0007 weight % to 0.5 weight % of Mg and 0.0007 weight % to 0.5 weight % of Si so that Mg and Si 
coexist in the alloy. 

io Therefore, this invention is characterized by: 

(4) A copper-based alloy having excellent blanking die wear resistance and resin adhesion, comprising 1 .5 to 2.4 
weight % of Fe, 0.008 to 0.08 weight % of P. 0.01 to 0.50 weight % of Zn. and 0.0005 to 0.02 weight % of C, and 
further containing one or two or more elements selected from the group consisting of Al, Be, Ca, Cr, Mg and Si in 
a total amount of 0.0007 to 0.5 weight %, and the balance being Cu and inevitable impurities; 

15 (5) A copper-based alloy having excellent blanking die wear resistance and resin adhesion, comprising 1 .5 to 2.4 
weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.50 weight % of Zn, and 0.0005 to 0.02 weight % of C, and 
further containing 0.0007 to 0.5 weight % of Mg, and the balance being Cu and inevitable impurities; 

(6) A copper-based alloy having excellent blanking die wear resistance and resin adhesion, comprising 1 .5 to 2.4 
weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.50 weight % of Zn, and 0.0005 to 0.02 weight % of C, and 

20 further containing 0.0007 to 0.5 weight % of Si. and the balance being Cu and inevitable impurities; 

(7) A copper-based alloy having excellent blanking die wear resistance and resin adhesion, comprising 1 .5 to 2.4 
weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.50 weight % of Zn, and 0.0005 to 0.02 weight % of C, and 
further containing 0.0007 to 0.5 weight % of Mg, and 0.0007 to 0.5 weight % of Si, and the balance being Cu and 
inevitable impurities; 

25 (8) A copper-based alloy as described under any of paragraphs (4), (5). (6) and (7) having excellent blanking die 
wear resistance and resin adhesion, in which C is contained in an amount of 0.001 to 0.02 weight %; and 

(9) A copper-based alloy as described under any of paragraphs (4). (5). (6), (7) and (8) having excellent blanking 
die wear resistance and resin adhesion, in which the total content of one or two or more elements selected from 
the group consisting of Nb, Ti, Zr, Ta, Hf, W, V and Mo is limited to less than 0.01 weight %. 

30 The copper-based alloys described under paragraphs (1), (2), (3), (4), (5), (6), (7), (8) and (9) are intended to 

be used in the form of sheets. 

Therefore, this invention is characterized by: 

(10) A copper-based alloy sheet formed of the copper-based alloy described under any of paragraphs (1), (2), (3), 
(4). (5), (6), (7), (8) and (9). 

35 Further, the present inventors made further studies and have reached the following findings: 

(e) Repeated bending fatigue resistance and solderability is improved when 0.003 to 0.5 weight % of Ni and 
0.003 to 0.5 weight % of Sn are added to the conventional Fe-Zn-P copper-based alloy comprising 1 .5 to 2.4 
weight % of Fe, 0.008 to 0.8 weight % of P, 0.01 to 0.50 weight % of Zn, and the balance of Cu and inevitable 

40 impurities, which is used to manufacture lead frames for semiconductor devices, and terminals and connectors 

for various electrical and electronic parts. Further, blanking die wear resistance is improved by adding 0.0005 
weight % to 0.02 weight % of C (preferably 0.001 weight % to 0.02 weight % of C); 

(f) Resin adhesion is improved when one or two or more elements selected from the group of Al, Be, Ca, Cr, 
Mg and Si are added in an amount total of 0.0007 to 0.5 weight %, to the Fe-Zn-P copper-based alloy 

45 described under paragraph (e), comprising 1 .5 to 2.4 weight % of Fe. 0.008 to 0.8 weight % of P, 0.01 to 0.50 

weight % of Zn, and the balance of Cu and inevitable impurities, which has excellent blanking die wear resist- 
ance, repeated bending fatigue resistance and solderability; 

(g) Resin adhesion is further improved when one element of the above-mentioned Al, Be, Ca, Cr, Mg and Si is 
added in an amount of 0.0007 to 0.5 weight %. Particularly, adding Mg and Si is most preferred. Either Mg or 

so Si may be added in an amount of 0.0007 to 0.5 weight % of Mg or 0.0007 to 0.5 weight % of Si, or both Mg and 

Si may be added in amounts 0.0007 to 0.5 weight % of Mg and 0.0007 to 0.5 weight % of Si so that Mg and Si 
coexist in the alloy; and 

(h) The Nb, Ti. Zr. Ta, Hf, W, V and Mo (hereinafter these elements will be referred to as "the carbide-forming 
elements") contained as impurities in the copper-based alloy described under any of paragraphs (e) - (g), sup- 

55 presses the action of enhancing blanking die wear resistance by the added carbon when the total content of 

one or two or more elements of the carbide-forming elements is equal to or more than 0.01 weight %. There- 
fore, the total content of the carbide-forming elements should preferably be limited to less than 0.01 weight %. 
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The present invention is based upon the above findings, and is characterized by: 

(11) A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance and 
solderability, comprising 1.5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight % of Zn, 0.003 
to 0.5 weight % of Ni, 0.003 to 0.5 weight % of Sn, 0.0005 to 0.02 weight % of C, and the balance of Cu and inev- 

5 itable impurities; 

(12) A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance and 
solderability, comprising 1.5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight % of Zn, 0.003 
to 0.5 weight % of Ni, 0.003 to 0.5 weight % of Sn, 0.001 to 0.02 weight % of C, and the balance of Cu and inevitable 
impurities; and 

io (13) A copper-based alloy mentioned under paragraph (1 1) or (12) having excellent blanking die wear resistance, 
repeated bending fatigue resistance and solderability, with the total content of one or two or more elements 
selected from the group consisting of Nb, Ti, Zr, Ta, Hf, W, V, and Mo being limited to less than 0.01 weight %. 

The resin adhesion of the above mentioned copper-based allay having excellent blanking die wear resistance, 
repeated bending fatigue resistance and solderability, containing 0.0005 to 0.02 weight % of C, is improved when 

75 one element selected from the group consisting of Al, Be, Ca, Cr, Mg and Si is added in an amount of 0.0007 to 0.5 
weight % of Al, 0.0007 to 0.5 weight % of Ca, 0.0007 to 0.5 weight % of Be, 0.0007 to 0.5 weight % of Cr, 0.0007 
to 0.5 weight % of Mg, or 0.0007 to 0.5 weight % of Si. Alternatively, two or more elements selected from the group 
consisting of Al, Be, Ca, Cr, Mg and Si may be added in a total amount of 0.0007 weight % to 0.5 weight %. Among 
the group of Al, Be, Ca, Cr, Mg and Si, it is more preferable to add Mg and Si. Either Mg or Si may be added in an 

20 amount of 0.0007 weight % to 0.5 weight % of Mg or 0.0007 weight % to 0.5 weight % of Si, or both Mg and Si may 
be added in amounts of 0.0007 weight % to 0.5 weight % of Mg and 0.0007 weight % to 0.5 weight % of Si so that 
they coexist in the alloy. 

Therefore, this invention is characterized by: 

(14) A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance, sol- 
25 derability, and resin adhesion, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight 

% of Zn, 0.003 to 0.5 weight % of Ni, 0.003 to 0.5 weight % of Sn, and 0.0005 to 0.02 weight % of C, and further 
containing one or two or more elements selected from the group consisting of Al, Be, Ca, Cr, Mg and Si in a total 
amount of 0.0007 to 0.5 weight %. and the balance being Cu and inevitable impurities; 

(15) A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance, sol- 
30 derability, and resin adhesion, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight 

% of Zn, 0.003 to 0.5 weight % of Ni, 0.003 to 0.5 weight % of Sn, and 0.0005 to 0.02 weight % of C, and further 
containing 0.0007 to 0.5 weight % of Mg, and the balance being Cu and inevitable impurities; 

(16) A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance and 
solderability, comprising 1.5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight % of Zn, 0.003 

35 to 0.5 weight % of Ni. 0.003 to 0.5 weight % of Sn, and 0.0005 to 0.02 weight % of C, and further containing 0.0007 
to 0.5 weight % of Si and the balance being Cu and inevitable impurities; 

(17) A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance, sol- 
derability, and resin adhesion, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight 
% of Zn, 0.003 to 0.5 weight % of Ni, 0.003 to 0.5 weight % of Sn, and 0.0005 to 0.02 weight % of C, and further 

40 containing 0.0007 to 0.5 weight % of Mg, and 0.0007 to 0.5 weight % of Si, and the balance being Cu and inevitable 
impurities; 

(18) A copper-based alloy mentioned under any of paragraphs (14), (15), (16) and (17) having excellent blanking 
die wear resistance, repeated bending fatigue resistance, solderability, and resin adhesion, in which C is contained 
in an amount of 0.001 to 0.02 weight %; and 

45 (19) A copper-based alloy mentioned under any of paragraphs (14), (15), (16), (17) and (18) having excellent blank- 
ing die wear resistance, repeated bending fatigue resistance, solderability, and resin adhesion, in which the total 
content of one or two or more elements selected from the group consisting of Nb, 71, Zr, Ta, Hf, W, V and Mo is lim- 
ited to less than 0.01 weight %. 

The copper-based alloys described under paragraphs (11), (12), (13), (14), (15). (16), (17), (18) and (19), are 
so intended to be used in the font of sheets. 

Therefore, this invention is characterized by: 
(20) A copper-based alloy sheet formed of a copper-based alloy described under any of paragraphs (11). (12), (1 3), 
(14), (15). (16), (17). (18) and (19). 

55 
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Brief Description of the Drawing 
[0019] 

5 Fig. 1 is a perspective view showing a test piece. 

Best Mode for Carrying Out the Invention 

[0020] To manufacture the copper-based alloy and the sheet thereof having excellent blanking die wear resistance 
10 and resin adhesion strength, and the copper-based alloy and the sheet thereof having excellent blanking die wear 
resistance, repeated bending fatigue resistance and solderability, and the copper-based alloy and the sheet thereof 
having excellent blanking die wear resistance, repeated bending fatigue resistance and solderability. as well as excel- 
lent resin adhesion, according to the present invention, raw materials are prepared, which include highly pure electro- 
lytic copper, iron-based alloy or copper-based alloy containing a reduced amount of carbide-forming elements, Cu-Zn 
15 mother alloy, Cu-Ni mother alloy. Cu-Sn mother alloy. Fe-C mother alloy. Cu-P mother alloy. Cu-AI mother alloy, Cu-Be 
mother alloy, Cu-Ca mother alloy. Cu-Cr mother alloy. Cu-Mg mother alloy, and Cu-Si mother alloy. First, the highly pure 
electrolytic copper is melted in an induction type smelting furnace using a crucible formed of graphite under a reducing 
atmosphere with the molten alloy meniscus being covered with a graphite solid, to obtain a molten alloy. The Cu and 
other elements-containing mother alloys are then added to obtain molten alloys according to test pieces, and finally the 
20 Fe-C mother alloy is added so as to adjust the composition. Then, the resulting molten alloys are cast by a semi-con- 
tinuous casting method using a graphite mold, to form copper-based alloy ingots. These ingots are annealed at a tem- 
perature of 750 - 980 °C in a reducing atmosphere, and then are hot rolled, followed by being quenched and then 
scalped. Further, the ingots are repeatedly alternately cold rolled at a reduction ratio of 40 to 80 % and process- 
annealed at a temperature of 400 - 650 °C. Then, the ingots are subjected to final cold rolling, followed by stress reliev- 
es ing annealing at a temperature of 250 - 350 °C. and other treatments, to obtain sheets. 

[0021] The chemical compositions of the copper-based alloy of the present invention having excellent blanking die 
wear resistance, and the copper-based alloy of the present invention having excellent blanking die wear resistance as 
well as excellent resin adhesion have been limited as stated above, for the following reasons: 

30 Fe : 

[0022] The Fe component is solid solved in the Cu matrix and forms a compound with P, to increase the strength 
and hardness of the alloy. However, if the Fe content is less than 1 .5 weight %. the above effects cannot be achieved to 
a desired extent, whereas, if the Fe content exceeds 2.4 weight %. the alloy has drastically degraded platability due to 
35 surface discontinuity, and further, decreases in both electrical conductivity and workability. Therefore, the Fe content 
has been limited to the range of 1.5 to 2.4 weight %, and preferably to a range of 1 .8 to 2.3 weight %. 

P : 

40 [0023] The P component has a deoxidation effect and also acts to improve the strength of the alloy by forming a 
compound with Fe. However, if the P content is less than 0.008 weight %, the above effects cannot be achieved to a 
desired extent, whereas, if the P content exceeds 0.08 weight %, the alloy decreases in both electrical conductivity and 
workability. Therefore, the P content has been limited to the range of 0.008 to 0.08 weight %. and preferably to a range 
of 0.01 to 0.05 weight %. 

45 

Zn: 

[0024] The Zn component is solid solved in the Cu matrix to increase the soldering thermal peeling resistance of 
the alloy. However, if the Zn content is less than 0.01 weight %, the above effect cannot be achieved to a desired extent. 
so On the other hand, if the Zn content exceeds 0.50 weight %, the above effect is saturated. Therefore, the Zn content 
has been limited to the range of 0.01 to 0.50 weight %, and preferably to a range of 0.05 to 0.35 weight %. 

C : 

55 [0025] The C component is an element which is extremely difficult to solid solve in copper. However, adding a very 
small amount of C refines the crystal grains of the cast ingot which restrains intergranular cracking during hot rolling, 
and further, improves blanking die wear resistance. However, if the C content is less than 0.0005 weight %. the above 
effects cannot be achieved to a desired extent, whereas, if the C content exceeds 0.02 weight %. intergranular cracking 
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undesirably occurs during hot rolling. Therefore, the C content has been limited to the range of 0.0005 to 0.02 weight 
%. Preferably, the C content should be limited to a range of 0.001 to 0.02 weight %, and more preferably to a range of 
0.001 to 0.008 weight % 

5 Ni : 

[0026] The Ni component is solid solved in the Cu matrix to strengthen and improve the fatigue resistance to lead 
bending (repeated bending fatigue resistance) of the same. However, if the Ni content is less than 0.003 weight %, the 
above effects cannot be achieved to a desired extent, whereas, if the Ni content exceeds 0.5 weight %, the alloy dras- 
io tically decreases in electrical conductivity. Therefore, the Ni content has been limited to the range of 0.003 to 0.5 weight 
%. and preferably to a range of 0.008 to 0.2 weight %. 

Sn : 

is [0027] The Sn component is solid solved in the Cu matrix to increase the strength and improve the solderability. 
However, if the Sn content is less than 0.003 weight %, the above effects cannot be achieved to a desired extent, 
whereas, if the Sn content exceeds 0.5 weight %, the alloy drastically decreases in electrical conductivity. Therefore, 
the Sn content has been limited to the range of 0.003 to 0.5 weight %. and preferably to a range of 0.008 to 0.2 weight 
%. 

20 

At, Be. Ca. Cr, Mg and Si : 

[0028] These components may be contained in the copper-based alloy if required, because they each have a deox- 
idation effect as well as an effect to suppress the exhaustion of C by forming an antioxidant film on the molten alloy 

25 meniscus. Further, these components act to improve the strength of the Fe-Zn-P alloy, as well as to improve the resin 
adhesion of the same. However, if the total content of one or two or more components of this group of Al, Be, Ca, Cr, 
Mg and Si is less than 0.0007 weight %, the above effects cannot be achieved to a desired extent, whereas, if the total 
content of the same exceeds 0.5 weight %. electrical conductivity decreases, arid further, large oxides and precipitates 
easily become formed and the surface cleanness is lost. Therefore, the content of these components has been limited 

30 to the range of 0.0007 to 0.5 weight %. and preferably to a range of 0.005 to 0.15 weight %. Among these components, 
Mg and Si are most preferable, Be is the next most preferable, and Al, Ca and Cr are preferable next to Be. 

Carbide-forming elements (Nb, Ti, Zr, Ta, Hf, W, V and Mo) : 

35 [0029] These components easily react to form carbides. Therefore, unless these components are restricted in their 
total content, they will react with the C in the molten alloy to form hard caibides, resulting in a decrease in the action of 
C to enhance the blanking die wear resistance. Therefore, the total content of one or two or more elements of the car- 
bide-forming elements has been limited to less than 0.01 weight %, and preferably to less than 0.001 weight %. The 
Mn, Co, and Ag components, and the Sb, Bi and Pb components may be added to a maximum of 0.5 weight % and 0.3 

40 weight % respectively, without spoiling the gist of the present invention. 

Examples 
Example 1 

45 

[0030] As raw materials, highly pure electrolytic copper, iron-based alloy or copper-based alloy containing carbide- 
forming elements, Cu-Zn mother alloy, Cu-P mother alloy, Fe-C mother alloy and pure iron were prepared. First, the 
highly pure electrolytic copper, iron-based alloy or copper-based alloy containing carbide-forming elements and pure 
iron were melted in a CO + N2 gaseous atmosphere in a coreless induction smelting furnace using a crucible formed 

so of graphite, with the molten alloy meniscus being covered with a graphite solid, to obtain a molten alloy. Next, the Cu-P 
mother alloy was added to the obtained molten alloy for deoxidation. then the Cu-Zn mother alloy, and lastly, the Fe-C 
mother alloy were added so as to adjust the composition. Then, the resulting molten alloys were cast using a graphite 
nozzle and a graphite mold, into ingots, each having a size of 160mm in thickness. 450mm in width, and 1600mm in 
length, to obtain ingots having chemical compositions shown in Tables 1 to 3. as copper-based alloys Nos. 1 to 16 

55 according to the present invention, comparative copper-based alloys Nos. 1 to 3 and a conventional copper-based alloy 
No. 1. 

[0031] These ingots of the copper-based alloys Nos. 1 to 16 according to the present invention, comparative cop- 
per-based alloys Nos. 1 to 3 and conventional copper-based alloy No. 1 were hot-rolled at a temperature of 860°C into 
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hot-rolled plates each having a thickness of 1 1 mm. Then, the plates were quenched, followed by each having its upper 
and lower side surfaces scalped by 0.5mm per each surface and its opposite lateral side surfaces scalped by 3mm per 
each surface, into a thickness of 10mm. The plates were then cold-rolled at a reduction ratio of 84% into cold-rolled 
sheets having a thickness of 1.60mm. Then, the sheets were process-annealed at 530°C for 1 hour and cold-rolled at 

5 a reduction ratio of 69% into cold-rolled sheets having a thickness of 0.50mm. The sheets were then again process- 
annealed at a temperature within a range of 460 - 500°C for 1 hour. After acid pickling, the sheets were cold-rolled at 
a reduction ratio of 50% into cold-rolled sheets having a thickness of 0.25mm. Finally, the sheets were annealed at 
300°C for 2 minutes for stress relief. Thus copper-based alloy sheet strips of the copper-based alloys Nos. 1 to 16 
according to the present invention, comparative copper-based alloys Nos. 1 to 3 and conventional copper-based alloy 

10 No. 1 were prepared. 

[0032] These prepared copper-based alloy sheet strips of the copper-based alloys Nos. 1 to 16 according to the 
present invention, comparative copper-based alloys Nos 1 to 3 and conventional copper-based alloy No. 1. were 
blanked under the following conditions: 

[0033] A compact dieing machine (Model LEM 3201 . manufactured by Noritsu Kikai) with a commercially available 
15 blanking die formed of a WC-based hard alloy having a composition of 1 6 weight % of Co, and the balance of WC was 
used to carry out continuous blanking to obtain one million blanked circular chips with a diameter of 5mm, from the Cu 
alloy sheet strips having a size of 0.25mm in thickness and 25mm in width. 20 bores obtained immediately after the start 
of the blanking and 20 bores obtained immediately before the termination of the same were selected, and the diameter 
of each bore was measured. An amount of change in the diameter was determined from two average diameter values 
20 of the respective groups of 20 bores, to adopt it as the amount of wear of the blanking die. The amount of wear of the 
blanking die by the conventional copper-based alloy No. 1 in Table 3 was set as a reference value of 1 , and the wear 
amounts by the other copper-based alloys were converted into values relative to the reference value, as shown in 
Tables 1 to 3, to thereby evaluate the blanking die wear resistance. 
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[0034] The results in Tables 1 to 3 show that the sheets of the present invention copper-based alloys Nos. 1 to 16 
all exhibit more excellent blanking die wear resistance compared with the sheet of the conventional copper-based alloy 
No. 1. The results also show that the comparative copper-based alloy No. 1, containing less than 0.0005 weight % of 
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C, and comparative copper-based alloy No. 3, containing totally 0.01 or more weight % of the carbide-forming elements 
both exhibit insufficient blanking die wear resistance. Further, comparative copper-based alloy No. 2 which contain 
more than 0.02 weight % of C exhibits intergranular cracking during the hot-rolling process and is therefore not prefer- 
able. 

5 

Example 2 

[0035] Molten alloys with almost desired Fe, P, Zn compositions were prepared in a manner similar to that of Exam- 
ple 1 . TTien, one or two or more elements selected from the group consisting of Al. Be, Ca, Cr, Mg and Si was/were 

io added in the toxin of a mother alloy(s) with Cu, to form an antioxidant film on the molten alloy meniscus. Then, an Fe- 
C mother alloy was added, to obtain the copper-based alloys having chemical compositions shown in Tables 4 to 7 as 
copper-based alloys Nos. 17 to 38 according to the present invention, comparative copper-based alloys Nos. 4 to 6 and 
conventional copper-based alloy No. 2. Under the same conditions as Example 1 , the copper-based alleys were cold- 
rolled into a thickness of 0.25mm, and f inally annealed for stress relief at a temperature of 300 °C for 2 minutes, to pre- 

15 pare sheet strips of the copper-based alloys Nos. 17 to 38 according to the present invention, comparative copper- 
based alloys Nos. 4 to 6 and conventional copper-based alloys No. 2. 

[0036] The blanking die wear resistance by these sheet strips was evaluated by the same method as adopted in 
Example 1 , with the amount of die wear by the conventional copper-based alloy No. 2 in Table 8 set as a reference value 
of 1 , and relative values thereto are shown in Tables 8 and 9. 
20 [0037] Next, the sheet strips of the copper-based alloys Nos. 1 7 to 38 according to the present invention, compar- 
ative copper-based alloys Nos. 4 to 6 and conventional copper-based alloy No. 2 were cut into alloy test piece sheets 
1 , each having a size of 25mm x 150mm, as shown in Fig. 1. 

[0038] Six truncated cone-shaped epoxy resin pieces 2 (Model EME-6300H, manufactured by Sumitomo Bakelite 
Co., Ltd.) each having a stud 3 were molding-bonded to an upper surface of each alloy test piece sheet 1 at a bonding 
25 surface of 1 .0cm 2 , then soaked for 8 hours at a temperature of 1 75°C for curing, to prepare a test piece. The studs 3 
on the test piece sheet were pulled with a tension tester to measure the adhesion strength of the alloy test piece sheet 
1 and the epoxy resin pieces 2. Average values of the measurement results are shown in Tables 8 and 9, based upon 
which the resin adhesion of the sheet strips of the copper-based alloys Nos. 1 7 to 38 according to the present invention, 
comparative copper-based alloys Nos. 4 to 6 and conventional copper-based alloy No. 2 were evaluated. 

30 



35 



40 



45 



50 



55 



3NSOOCID: <EP 099580SA1_I_> 



12 



EP 0 995 808 A1 



10 



15 



20 



25 



30 



35 



40 



45 



CO 



Si 

uj — 

S3 

II 

00 111 
O 2 

8< 

< 
CD 



00 



o 



03 

O 



<0 

CD 



00 



o 



o 

s 

< 
o 



o 
o 
o 



c 



CD 
< 



O 
UJ 
CL 
00 



UJ 
CQ 



CO 

o 
o 



eo 
o 
o 



o 
o 

to 

2 



o 
© 

o 
-I 

UJ 
CQ 



CO 

o 
o 



co 
o> 
o 
o 



CO 

o 
© 
o 



CM 



o 
o 



o 

§ 

—I 

LU 

CQ 



CM 
CO 



CM 
CM 



o 
o 



o 
© 



UJ 
CQ 



5 



s 

o 



o 

CM 



o 

CM 



o 

bo 



o 
o 



LU 
CQ 



§ 



o 
o 



CM 
CM 

§ 
o 

CO 



o 
d 

3 

LU 
CQ 



CM 
O 

00 



o 
© 

o 



o 
o 
© 



CO 

o 
d 



eo 
o 
© 

oo 



3 

LU 
CQ 



O 

d 



CM 
O 

d 



o 

CM 



NOLLN3AN1 JLN3S3Hd JO SAOTIV Q3SV8-cJ3ddOO 



£0 



55 



13 



EP0 995 808 A1 



10 



15 



20 



25 



30 



35 



40 



00 
UJ 



CD 



E > 

00 LU 

O ~ 

*s 

8< 

o 

s o 
"J z 

< 

CD 



CO 

bo 



O 



o 

m 



LU 
UJ 

—i 

LU 

a 
z 

o 

u_ 

LU 
Q 
OQ 

tr 
< 
o 



c 



45 



50 



in 

ui 
—I 

CO 

IS 



o 

LU 
CL 

00 



oo 



o 
o 



LU 

m 



o 
o 



CO 

o 
o 



m 



CO 
CM 

O 



oo 
cvT 

CM 

o 
© 



o 
o 
o 

o 

—I 
LU 

CO 



CO 

o 



CD 
CM 
O 

o 



m 
CM 



00 
CM 

s 

o 



5 
3 

LU 
CD 



oo 
o 
o 
o 



o 



in 

TT 
O 

o 

oo 

CO 
O 

o 



3 

LU 
GQ 



to 
O 



CM 
CM 
CM 



O 

o 
o 



00 



o 

&0 



o 
o 
o 

o 



CD 



o 
© 



o 



CM 

o 



IO 
CM 



O 
O 



CO 



o 

— I 
LU 
£0 



in 
o 
o 



o 
o 



O 
— I 
LU 
CD 



CO 

O 



CO 
CO 

o 
o 



o 
o 



o 
o 
d 

o 



OQ 



o 
o 
o 



o 



o 

co 



CM 

O 



to 

CM 
O 

o 



CM 
CO 



N0LLN3AN1 ±N3S3Md JO SAOT1V a3SVS-H3ddOO 



55 



14 



EP 0 995 808 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



in 

LU 



fcE. 



o < 
t > 

CO LU 

O 

*S 
8< 

P 

< 
CD 



CO 

o 

CO 

O 

CD 

CD 



CO 



o 



Q 
CD 

< 



o 



c 



3 

CD 
< 



00 



o 
o 
o 



o 



8 

o 

o 
_J 

LU 

CD 



CM 

o 



CO 
GO 

o 



CO 
CM 
CM 



CO 
CO 



0.079, 




0.045, 


; 0.006, 


CO 




CO 


Ca 


tri 


CM 


<D 


0.021. 


o 
d 


O 

o 


o 
o 


S 


< 


bO 

2 


Be: 



o 
o 
o 

3 

LU 
CD 



CO 

o 
o 
o 



CD 

o 
d 



CO 
CM 



o 
d 



3 

LU 
CD 



to 

CO 



o 

d 

< 

CO 

o 
d 

o 



o 
d 

3 

UJ 

CQ 



o 
d 



CO 
CM 
O 

d 



3 8 

o o 
5 3 



5 CO CO 
g CM O 

Poo 
o 0 * o 



O CO 



s 

d 

O 
_J 
LU 
CO 



O 

d 



CO 
O 

d 



o 

CM 
CM 



CO 
CO 



CM 
O 
O 

d 



CO 
CO 

o 



CO 

o 



0.021. 


: 0.014, 


k 


CO 

o 


0.008. 


: 0.023. 


CO 


2 



o 
o 
d 

Q 



CD 



g 



CM 
CM 
O 



NOLLN3ANI ±N3S3Hd dO SAOTW a3SV8-id3ddOO 



55 



15 



EP0 995 808 A1 



10 



15 



20 



25 



30 



35 



40 



co 

UJ 

Si 

22 
uj — 

» — — i 
^ CD 



tZ > 
C/5 UJ 
O Z 

8< 

2ui 
5 o 

iu ^ 

< 
CO 



CO 
O 

CO 

O 

<D 

CO 



45 



CO 

< 



UJ 

Q 

UJ 
CL 
CO 



CM 



o 

CO 



CM 

o 



o 
o 
o 

o 

-J 

UJ 

CO 



CO 

s 

o 



CO 
CM 



CO 

o 
© 



CO 

cm" 



CM 
CM 



CO 
CM 



2 



§ 

o 
O 

UJ 
CO 



CM 
CM 

o 
o 
* 



in 
o 



CO 
CM 

o 

© 



CM 
CM 



CO 
CM 

o 
© 

CO 

s 

© 



CO 

o 



<o 
o 
o 
o 



CO 
CO 



CM 
CO 

o 



CM 



SAOT1V CI3SVa-H3ddOO 
BALLVdVdWOO 



CM 

o 
© 



Z AOT1V 
Q3SV8-cJ3ddOO 
nVNOLLNBANOO 



UJ 

> 



UJ 
CO 
UJ 

x 

CL 



o 

UJ 

o 



UJ 
X 
h- 
UJ 

a 

Lo 



00 
UJ 

3 

0) 
UJ 

< 

O 

5 
z 



o 



X 



isl 
+ 



CO 

I— 
z 

UJ 

2 

a 

UJ 

O 



X 

o 

u. 
i 

UJ 
Q 

CO 
X 

< 

o 



50 



55 



3NSDOCID: <EP 0995808A1 J_> 



16 



EP 0 995 808 A1 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



CO 
< 



REMARKS 


i 


i 


1 


1 


1 


1 


1 


1 


RESIN ADHESION 

STRENGTH 
(N/cm 2 ) 


in 

CO 

m 


© 

CO 


o 

CO 

CO 


o 
tn 


tn 

CM 
CO 


m 

CO 


O 

CM 
CO 


O 

m 
tn 


WEAR AMOUNT 
OF MOLD 

(RELATIVE RATIO) 


0.77 


r- 
© 


0.74 


o> 
tn 
o 


0.74 


0.74 


0.86 


0.72 


SPECIMEN 


tn 

CM 


CO 
CM 


CM 


00 
CM 


CD 
CM 


o 

CO 


CO 


CM 

co 


NOLLN3ANI XN3S3Hd dO SAOT1V Q3SV8-U3ddOO 


REMARKS 


i 


1 




1 


1 


1 


1 


1 


RESIN ADHESION 
STRENGTH 
(N/cm 2 ) 


o 

CO 

in 


o 

to 
to 


tn 

CO 

m 


O 

r- 
tn 


o 

CM 
CD 


o 
^* 

tn 


o 

CO 
CO 


o 
m 


WEAR AMOUNT 
OF MOLD 

(RELATIVE RATIO) 


0.77 


CO 

o 


0.60 


0.56 


0.74 


O 


0.82 


0.60 


SPECIMEN 




OO 




8 


CM 


CM 
CM 


CO 
CM 


CM 


NOLLN3ANI ±N3S3cdd dO SAOT1V Q3SVa-cJ3ddOO 



55 



INSDOCID: <EP 0995808A1J_> 



17 



EP0 995 808A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



< 



REMARKS 


i 


INTERGRANULAR 
CRACK WHEN HOT ROLLED 


1 i 


i 


RESIN ADHESION 

STRENGTH 

(N/cm 2 ) 


in 

CO 


o 
in 
in 


o 

CM 
CD 


o 


WEAR AMOUNT 
OF MOLD 

(RELATIVE RATIO) 


0.99 


0.54 


in 




SPECIMEN 




in 


CO 


Z AOITV 
a3SV8-cJ3ddOO 
1VNOLLN3ANOO 


SAOT1V a3SV8-d3ddO0 
3ALLVaVdJNOO 


REMARKS 


i 


t 


i 


i 


1 


I 


RESIN ADHESION 

STRENGTH 
(N/cm 2 ) 


m 

CM 

in 


to 

CM 
CD 


m 
r- 
tn 


o 
o> 
m 


o 

CM 
CO 


m 

CO 


WEAR AMOUNT 
OF MOLD 

(RELATIVE RATIO) 


0.77 


0.74 


0.59 


0.71 


0.81 


0.73 


SPECIMEN 


CO 
CO 


CO 


in 

CO 


co 

CO 


r— 
co 


CO 
CO 


NOLLN3ANI XN3S3cJd dO SAOT1V <33SV8-H3ddOO 



[0039] The results in Tables 4 to 9 show that the sheet strips of the present invention copper-based alloys Nos. 17 
to 38, which contain 0.0005 - 0.02 weight % of C, and further totally contains 0.0007 - 0.5 weight % of one or two or 
more elements selected from the group consisting of Al t Be, Ca, Cr, Mg and Si, exhibit superior blanking die wear resist- 
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ance and resin adhesion compared with the sheet strip of the conventional copper-based alloy No. 2. The results also 
show that the comparative copper-based alloy No. 4, containing less than 0.0005 weight % of C, and comparative cop- 
per-based alloy No. 6, containing 0.01 or more weight % of carbide-forming elements, both exhibit insufficient blanking 
die wear resistance. Further, comparative copper-based alloy No. 5 which contains more than 0.02 weight % of C exhib- 
5 its irrtergranular cracking during the hot-rolling process and is therefore not preferable. 

Example 3 

[0040] As raw materials, highly pure electrolytic copper, iron-based alloy or copper-based alloy containing carbide- 

io forming elements, Cu-Zn mother alloy, Cu-P mother alloy, Cu-Ni mother alloy. Cu-Sn mother alloy, Fe-C mother alloy 
and pure iron were prepared. First, the highly pure electrolytic copper, iron-based alloy or copper-based alloy containing 
cartoide-forming elements, Cu-Ni mother alloy, Cu-Sn mother alloy and pure iron were melted in a CO + N2 gaseous 
atmosphere in a coreless induction smelting furnace using a cructole formed of graphite, with the molten alloy being 
covered with a graphite solid, to obtain a molten alloy. Next, the Cu-P mother alloy was added to the obtained molten 

is alloy for deoxidation, then the Cu-Zn mother alloy, and lastly, the Fe-C mother alloy were added so as to adjust the com- 
position Then, the resulting molten alloys were cast using a graphite nozzle and a graphite mold, into ingots, each hav- 
ing a size of 160mm in thickness, 450mm in width, and 1600mm in length, to obtain ingots having chemical 
compositions shown in Tables 10 to 12, as copper-based alloys Nos. 39 to 54 according to the present invention, com- 
parative copper-based alloys Nos. 7 to 1 1 and conventional copper-based alloy No. 3. 

20 [0041 ] These ingots of the copper-based alloys Nos. 39 to 54 according to the present invention, comparative cop- 
per-based alloys Nos. 7 to 1 1 and conventional copper-based alloy No. 3 were hot-rolled at a temperature of 860°C into 
hot-rolled plates each having a thickness of 1 1 mm. Then, the plates were quenched, followed by each having its upper 
and lower side surfaces scalped by 0.5mm per each surface and its opposite lateral side surfaces scalped by 3mm per 
each surface, into a thickness of 10mm. The plates were then cold-rolled at a reduction ratio of 84% into cold-rolled 

25 sheets having a thickness of 1 .60mm. Then, the sheets were process-annealed at 530°C for 1 hour and cold-rolled at 
a reduction ratio of 80% into cold-rolled sheets having a thickness of 0.32mm. The sheets were then again process- 
annealed at a temperature of 480°C for 1 hour. After acid pickling, the sheets were cold-rolled at a reduction ratio of 
53% into cold-rolled sheets having a thickness of 0. 1 5mm. Finally, the sheets were annealed at 300°C for 2 minutes for 
stress relief. Thus, sheet strips of the copper-based alloys Nos. 39 to 54 according to the present invention, comparative 

30 copper-based alloys Nos. 7 to 1 1 and conventional copper-based alloy No. 3 were prepared. 

[0042] These prepared copper-based alloy sheet strips of the copper-based alloys Nos. 39 to 54 according to the 
present invention, comparative copper-based alloys Nos. 7 to 1 1 and conventional copper-based alloy No. 3, were sub- 
jected to the following tests, and the results of the tests are shown in Tables 13 and 14. 

35 (A) Blanking Die Wear Test 

[0043] A compact dieing machine (Model LEM 3201 , manufactured by Noritsu Kikai) with a commercially available 
blanking die formed of a WC-based hard alloy having a composition of 16 weight % of Co, and the balance of WC was 
used to carry out continuous blanking to obtain one million blanked circular chips with a diameter of 5mm, from the Cu 

40 alloy sheet strips of the copper-based alloys Nos. 39 to 54 according to the present invention, comparative copper- 
based alloys Nos. 7 to 1 1 and conventional copper-based alloy No. 3, having a size of 0.15mm in thickness and 25mm 
in width. 20 bores obtained immediately after the start of the blanking and 20 bores obtained immediately before the 
termination of the same were selected, and the diameter of each bore was measured. An amount of change in the 
diameter was determined from two average diameter values of the respective groups of 20 bores, to adopt it as the 

45 amount of wear of the blanking die. The amount of wear of the blanking die by the conventional copper-based alloy No. 
3 in Table 12 was set as a reference value of 1 , and the wear amounts by the other copper-based alloys were converted 
into values relative to the reference value, as shown in Tables 13 and 14, to thereby evaluate the blanking die wear 
resistance. 

so (B) Repeated Bending Test (according to MIL-STD-883/2004) 

[0044] Sheets of the copper-based alloys Nos. 39 to 54 according to the present invention, comparative copper- 
based alloys Nos. 7 to 1 1 and conventional copper-based alley No. 3, each having a size of 0. 1 5mm in thickness, 25mm 
in width, and 300mm in length, were blanked into test pieces each having an increased width portion of a size of 1 .5mm 
55 in width and 6mm in length, and a reduced width portion of a size of 0.5mm in width and 1 0mm in length. The increased 
width portion of each test piece was fixed to a lead fatigue tester (manufactured by Hybrid Machine Products Co.), and 
the reduced width portion was loaded with an 8oz. (226.8g) weight. The reduced width portion of the test piece was 
bent by 90 degrees in one direction (first bending), then bent back by 90 degrees in the opposite direction into the orig- 
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inal position (second bending), the first and second bendings being counted as one. The above bending operations 
were repeated until the test piece ruptured, and the number of bending before the rupture was counted. Five test pieces 
were cut out from the sheet of the copper-based alloy in a direction parallel with the rolling direction, and further five test 
pieces cut out from the sheet in a direction perpendicular to the rolling direction, per each copper-based alloy. An aver- 
5 age value of the number of bending before the rupture was calculated for all the test pieces, and the results are shown 
in Tables 13 and 14, to thereby evaluate the repeated bending fatigue resistance. 

(C) Solderabilrty Test 

io [0045] The solderabilrty was tested with MODEL WET-6000 manufactured by Rhesca Co,. Ltd. using the menisco- 
graph method. More specifically, test pieces each having a size of 0.15mm in thickness, 10mm in width, and 50mm in 
length, were cut out from the copper-based alloys Nos. 39 to 54 according to the present invention, comparative copper- 
based alloys Nos. 7 to 1 1 and conventional copper-based alloy No. 3. The test pieces were polished with a #1000 
emery paper, and then degreased with acetone. Then, the test pieces were acid pickled with an 10% aqueous sulfuric 

15 acid solution at 40°C for 1 minute, followed by washing and drying, and then coated with a low-activated rosin flux. The 
test pieces coated with the low-activated rosin flux were then dipped in a bath of a 60 weight % Sn - 40 weight % Pb 
solder held at a temperature of 230°C, under conditions of dipping depth: 2mm, dipping speed: 16mm/sec, and sensi- 
tivity: 5g. Time t was measured, that elapses from the start of dipping when buoyancy starts acting upon the test piece 
to the time the buoyancy becomes zero after reaching a peak value. The measurement results are shown in Tables 1 3 

20 and 14. The solderabilrty was evaluated by the value f, such that the smaller the value f, the better the wettability with 
respect to the solder. 



25 



30 



35 



40 



45 



50 



55 



20 



EP0995 808A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



1 





•NTS 








































1 1 1 
—J 

Ui 




















O 

CC 
O 
u. 
i 

UJ 

o 

CO 
Qt 
< 

o 


BELOW 0.001 


BELOW 0.001 


BELOW 0.001 


BELOW 0.001 


BELOW 0.001 


BELOW 0.001 


0.003 


BELOW 0.001 


WEIGHT H) 
.E IMPURITIES 


o 


0.007 


o 
o 
© 


0.006 


0.002 


0.004 


0.007 


0.009 


0.008 


CHEMICAL COMPOSITION ( 
LANCE : Cu AND INEVITABI 


c 

CO 


0.052 


0.003 


0.460 


0.038 


0.036 


0.044 


0.045 


0.035 


2 


0.268 


0.452 


0.004 


0.035 


0.003 


0.012 


0.026 


0.094 


< 
9 


c 
rvl 


in 
m 

d 


0.113 


0.122 


0.085 


1600 


0.133 


0.157 


0.151 




Q. 


0.030 


0.025 


0.026 


0.031 


0.033 


0.031 


0.033 


0.028 




© 

Li. 


m 


o 

CD 


CM 

o> 


2.15 


csi 


2.05 


CO 
CM 


2.10 


IMEN 


a> 

CO 


o 




CM 


CO 




LO 


CO 


SPEC 


NOLLN3ANI ±N3S3cJd dO SAOT1V Q3SV8-cJ3ddOO 



CD 

cc 
< 
o 

3K 



55 



■.NSDOCID: <EP 0995808A1_I_> 



21 



EP 0 995 808 A1 



10 



15 



20 



25 



30 



35 



40 



45 



CO 
LU 



x 5: 

25 

LU — 

2 2 
t ^ 

(A UJ 

o 

ic 
8< 
«! = 

is 

LLI 2 
CD 



00 
UJ 

a 

UJ 

C5 
Z 

1 

cr 
o 

Ll 
1 

UJ 

9 
m 
cr 
< 
o 



c 
CO 



c 



CO 

< 



CO 



cm 
o 
o 
© 



CO 
CO 

o 
o 



© 



csj 
CO 



o 
o 
o 



UJ 
CO 



CD 

o 
o 



in 

CO 

o 



CO 
CO 

cm 



o 
o 



LU 
CO 



no 

O 



o 
© 



o 
o 
© 



CM 
© 



CM 
© 

o 



s 

o 

o 

— 1 

UJ 
CD 



o 
o 
© 



CM 

5 



CM 
O 

© 



CO 

CO 

O 



o 

CO 
CM 



o 

CO 



o 



§ 

o 



o 
o 



to 
o 
o 



o 
o 
o 

$ 

o 
-J 

LU 
CD 



CO 

© 



o 
o 



CO 

o 



UJ 
CD 



o 
o 
o 

o 



o 

8 

o 



CM 

to 

CO 

o 



Oi 
CO 

o 
o 



CM 

co 



o 
o 



CM 

to 



CO 



LO 

m 

CO 

© 



cr> 
o 

CM 



NOLLN3ANI J.N3S3cJd JO SACniV Q3SV8-U3ddOO 



so 



55 



3NSDOCID: <EP 0995808A1_I_> 



22 



EP 0 995 808 A1 



10 



15 



20 



25 



30 



35 



40 



45 



CO 
UJ 

II 
II 

CO UJ 
O Z 

*8 
8< 

P 

< 
CO 



CO 

z 

UJ 
UJ 

-J 

UJ 

a 



O 



9 

ir 
< 
o 



c 

CO 



rsl 



LU 
-J 
CO 

< 



2 

o 

UJ 

CL 

CO 



8 

o 



UJ 

m 



o 
o 
o 



o 
o 



CM 
to 
O 



O 

o 



o 

O 
_i 

UJ 

CD 



o 



o 
o 



to 

CM 

o 
o 



co 
o 



in 
in 
O 
O 



o 

O 



m 
co 
o 
o 



o 
o 
d 

O 
-J 

UJ 

m 



o 
o 
© 



o 
© 



CM 
CM 
CD 
O 



o 
m 



§ 

d 
o 

-J 

UJ 
CO 



co 
o 
o 
o 



in 



o 
d 



in 
co 
o 
d 



SAOTIV O3SVa-H3ddO0 
3ALLVHVdW00 



o 

o 
-J 

UJ 
CO 



8 



co 

o 
d 



e AOT1V 

a3sva-H3ddoo 

TVN0LLN3AN00 



z 

UJ 
CO 

Q_ 
UJ 



a 
z 



UJ 

a 

oo 

O 
CO 
UJ 



o 
> 



X 
+ 
a 

t 

+ 

+ 



CO 

z 

UJ 

LU 
-J 
UJ 

O 



o 

UJ 



00 
LU 

£ 9 
o g 



50 



55 



WSDOCtD: <EP 0995808A1_I_> 



23 



EP 0 995 808 A1 



TABLE 13 
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40 [0046] The results in Tables 10 to 14 show that the sheets of the present invention copper-based alloys Nos. 39 to 
54 all exhibit superiority in blanking die wear resistance, repeated bending fatigue resistance, and solderability to the 
sheet of the conventional copper-based alloy No. 3. The results also show that the comparative copper-based alloy No. 
7, containing less than 0.0005 weight % of C, and comparative copper-based alloy No. 9, containing totally 0.01 or more 
weight % of the carbide-forming elements, both exhibit insufficient blanking die wear resistance. Further, comparative 

45 copper-based alloy No. 8 which contains more than 0.02 weight % of C exhibits intergranular cracking during the hot- 
rolling process and is therefore not preferable, and addition of more than 0.5 weight % of Ni and more than 0.5 weight 
% of Sn reduces electrical conductivity and is therefore not preferable. 

Example 4 

50 

[0047] Molten alloys were prepared with addition of Fe, P, Zn, Ni and Sn in a manner similar to that in Example 3. 
Then, one or two or more elements selected from the group consisting of Al, Be, Ca, Cr, Mg and Si was/were added to 
form an antioxidant film on the molten alloy meniscus. Lastly, an Fe-C mother alloy was added so as to adjust the con- 
tents of C and Fe to obtain copper-based alloys having chemical compositions shown in Tables 15 to 18, as copper- 
55 based alloys Nos. 55 to 76 according to the present invention, comparative copper-based alloys Nos. 12 to 16 and con- 
ventional copper-based alloy No. 4. Under the same conditions as in Example 3, the copper-based alloys were cold- 
rolled into cold-rolled sheets having a thickness of 0. 1 5mm, and finally annealed for stress relief at a temperature of 300 
°C for 2 minutes, to prepare sheet strips of the copper-based alloys Nos. 55 to 76 according to the present invention, 
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comparative copper-based alloys Nos. 12 to 16 and conventional copper-based alloy No. 4. 

[0048] A blanking die wear resistance test was conducted on these sheet strips using the same method as adopted 
in Example 3, with the amount of die wear by the conventional copper based alloy No. 4 set as a reference value of 1 , 
and relative values thereto are shown in Tables 19 to 22, to thereby evaluate the blanking die wear resistance. Further, 

5 a repeated bending fatigue resistance test was conducted using the same method as adopted in Example 3. to meas- 
ure the number of times each test piece was bent before rupture occurred, and the measurement results are shown in 
Tables 1 9 to 22, to thereby evaluate the repeated bending fatigue resistance. Further, a solderabilrty test was conducted 
using the same method as adopted in Example 1 to determine the value t, which is also shown in Tables 1 9 to 22. The 
solderability was evaluated by the value t, such that the smaller the value t.the better the wettability with respect to the 

10 solder. 

(D) Resin Adhesion Test 

[0049] Next, the sheet strips of the copper-based alloys Nos. 55 to 76 according to the present invention, compar- 
15 ative copper-based alloys Nos. 1 2 to 1 6 and conventional copper-based alloy No. 4 were cut into alloy test piece sheets 
1 , each having a size of 25mm x 150mm, as shown in Fig. 1 . 

[0050] Six truncated cone-shaped epoxy resin pieces 2 (Model EME-6300H, manufactured by Sumitomo Bakelite 
Co., Ltd) each having a stud 3 were molding-bonded to an upper surface of each alloy test piece sheet 1 at a bonding 
surface of 1.0cm 2 , then soaked for 8 hours at a temperature of 175°C for curing, to prepare a test piece. The studs 3 
20 on the test piece were pulled with a tension tester to measure the adhesion strength of the alloy test piece sheet 1 and 
the epoxy resin pieces 2. Average values of the measurement results are shown in Tables 19 to 22, based upon which 
the resin adhesion of the sheet strips of the copper-based alloys Nos. 55 to 76 according to the present invention, com- 
parative copper-based alloys Nos. 12 to 16 and conventional copper-based alloy No. 4 were evaluated. 
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55 [0051] The results in Tables 15 to 22 show that the sheet strips of the present invention copper-based alloys Nos. 
55 to 76. which contain one or two or more elements selected from the group consisting of Al, Be, Ca, Cr, Mg and Si, 
exhibit superiority in both blanking die wear resistance and repeated bending fatigue resistance as well as superiority 
in resin adhesion, to the sheet strip of the conventional copper-based alloy No. 4. The results also show that the corn- 
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parative copper-based alloy No. 12, containing less than 0.0005 weight % of C, and one or two or more elements 
selected from the group consisting of Al, Be, Ca, Cr, Mg and Si, and the comparative copper-based alloy No. 14, con- 
taining totally 0.01 or more weight % of the carbide-forming elements, both exhibit insufficient blanking die wear resist- 
ance. Further, the results show that the comparative copper-based alloy No. 13, which contains more than 0.02 weight 
5 % of C and less than 0.003 weight % of Sn, exhibits intergranular cracking during the hot-rolling process and thus is 
inferior in solderability. Further, the results show that electrical conductivity undesirably decreases when Ni is added in 
an amount exceeding 0.5 weight % and also when Sn is contained in an amount exceeding 0.5 weight %. 

Industrial Application 

10 

[0052] As described above, the copper-based alloys of the present invention are superior in blanking die wear 
resistance, repeated bending fatigue resistance and solderability to the conventional copper-based alloy, and also 
superior in resin adhesion to the latter. Therefore, the copper-based alloy of the present invention can greatly contribute 
to the development of the electronic industry. 

75 

Claims 

1 . A copper-based alloy having excellent blanking die wear resistance, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 
0.08 weight % of P, 0.01 to 0.50 weight % of Zn, 0.0005 to 0.02 weight % of C, and the balance of Cu and inevitable 

20 impurities. 

2. A copper-based alloy having excellent blanking die wear resistance, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 
0.08 weight % of P, 0.01 to 0.50 weight % of Zn, 0.001 to 0.02 weight % of C. and the balance of Cu and inevitable 
impurities. 

25 

3. A copper-based alloy as claimed in claim 1 or 2, having excellent blanking die wear resistance, wherein the total 
content of one or two or more elements selected from the group consisting of Nb, Ti, Zr, Ta, Hf, W, V and Mo is lim- 
ited to less than 0.01 weight %. 

30 4. A copper-based alloy having excellent blanking die wear resistance and resin adhesion, comprising 1 .5 to 2.4 
weight % of Fe, 0.008 to 0.08 weight % of P. 0.01 to 0.50 weight % of Zn, and 0.0005 to 0.02 weight % of C, and 
further containing one or two or more elements selected from the group consisting of Al, Be, Ca, Cr, Mg and Si in 
a total amount of 0.0007 to 0.5 weight %, and the balance being Cu and inevitable impurities. 

35 5. A copper-based alloy having excellent blanking die wear resistance and resin adhesion, comprising 8 to 0.08 
weight %, 0.01 to 0.50 weight % of Zn, and 0.0005 to 0.02 weight % of C, and further containing 0.0007 to 0.5 
weight % of Mg, and the balance being Cu and inevitable impurities. 

6. A copper-based alloy having excellent blanking die wear resistance and resin adhesion, comprising 1.5 to 2.4 
40 weight % of Fe, 0.008 to 0.08 weight % of P t 0.01 to 0.50 weight % of Zn, and 0.0005 to 0.02 weight % of C, and 

further containing 0.0007 to 0.5 weight % of Si, and the balance being Cu and inevitable impurities. 

7. A copper-based alloy having excellent blanking die wear resistance and resin adhesion, comprising 1.5 to 2.4 
weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.50 weight % of Zn, and 0.0005 to 0.02 weight % of C, and 

45 further containing 0.0007 to 0.5 weight % of Mg, and 0.0007 to 0.5 weight % of Si, and the balance being Cu and 
inevitable impurities. 

8. A copper-based alloy as claimed in any of claims 4, 5, 6, and 7, having excellent blanking die wear resistance and 
resin adhesion, wherein C is contained in an amount of 0.001 to 0.02 weight %. 

so 

9. A copper-based alloy as claimed in any of claims 4, 5, 6, 7 and 8, having excellent blanking die wear resistance and 
resin adhesion, wherein the total content of one or two or more elements selected from the group consisting of Nb, 
Ti, Zr, Ta, Hf. W, V and Mo is limited to less than 0.01 weight %. 

55 1 0. A copper-based alloy sheet formed of the copper-based alloy as claimed in any of claims 1.2.3. 4, 5. 6. 7, 8. and 9. 

11. A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance and sol- 
derability, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight % of Zn, 0.003 to 
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0.5 weight % of Ni. 0.003 to 0.5 weight % of Sn, 0.0005 to 0.02 weight % of C, and the balance of Cu and inevitable 
impurities. 

12. A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance and sol- 
derability, comprising 1.5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight % of Zn, 0.003 to 
0.5 weight % of Ni. 0.003 to 0.5 weight % of Sn, 0.001 to 0.02 weight % of C, and the balance of Cu and inevitable 
impurities. 

1 3. A copper-based alloy as claimed in claim 1 1 or 12, having excellent blanking die wear resistance, repeated bending 
fatigue resistance and solderability, wherein the total content of one or two or more elements selected from the 
group consisting of Nb. Ti, Zr, Ta. Hf, W, V. and Mo is limited to less than 0.01 weight %. 

14. A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance, soldera- 
bility, and resin adhesion, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight % 
of Zn, 0.003 to 0.5 weight % of Ni, 0.003 to 0.5 weight % of Sn, and 0.0005 to 0.02 weight % of C, and further con- 
taining one or two or more elements selected from the group consisting of A!, Be, Ca, Cr, Mg and Si in a total 
amount of 0.0007 to 0.5 weight %, and the balance being Cu and inevitable impurities. 

15. A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance, soldera- 
bility, and resin adhesion, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight % 
of Zn, 0.003 to 0.5 weight % of Ni, 0.003 to 0.5 weight % of Sn, and 0.0005 to 0.02 weight % of C, and further con- 
taining 0.0007 to 0.5 weight % of Mg, and the balance being Cu and inevitable impurities. 

16. A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance and sol- 
derability, comprising 1.5 to 2.4 weight % of Fe. 0.008 to 0.08 weight % of P. 0.01 to 0.5 weight % of Zn, 0.003 to 
0.5 weight % of Ni, 0.003 to 0.5 weight % of Sn, and 0.0005 to 0.02 weight % of C. and further containing 0.0007 
to 0.5 weight % of Si and the balance being Cu and inevitable impurities. 

17. A copper-based alloy having excellent blanking die wear resistance, repeated bending fatigue resistance, soldera- 
bility, and resin adhesion, comprising 1 .5 to 2.4 weight % of Fe, 0.008 to 0.08 weight % of P, 0.01 to 0.5 weight % 
of Zn, 0.003 to 0.5 weight % of Ni. 0.003 to 0.5 weight % of Sn, and 0.0005 to 0.02 weight % of C, and further con- 
taining 0.0007 to 0.5 weight % of Mg, and 0.0007 to 0.5 weight % of Si, and the balance being Cu and inevitable 
impurities. 

18. A copper-based alloy as claimed in any of claims 14, 15, 16 and 17, having excellent blanking die wear resistance, 
repeated bending fatigue resistance, solderability, and resin adhesion, wherein C is contained in an amount of 
0.001 to 0.02 weight %. 

19. A copper-based alloy as claimed in any of claims 14, 15, 16, 17 and 18, having excellent blanking die wear resist- 
ance, repeated bending fatigue resistance, solderability, and resin adhesion, wherein the total content of one or two 
or more elements selected from the group consisting of Nb. Ti. Zr, Ta, Hf, W, V and Mo is limited to less than 0.01 
weight %. 

20. A copper-based alloy sheet formed of the copper-based alloy as claimed in any of claims 1 1 , 1 2, 1 3, 1 4, 1 5, 1 6. 1 7, 
18 and 19. 
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